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CHROMIUM, HEXAVALENT, 7703
  by Field-Portable Spectrophotometry

Cr[VI] MW: 52.00 (Cr) 99.99 (CrO3) CAS: 18540-29-9 RTECS: GB6262000
 

METHOD: 7703, Issue 1 EVALUATION: FULL Issue 1: 15 March 2003

OSHA : C 0.1 mg/m3 (as CrO 3)
NIOSH: 0.001 mg/m3/10 h (carcinogen)
ACGIH: 0.050 mg/m3 (water-soluble compounds);

0.010 mg/m3 (insoluble compounds)

PROPERTIES: oxidizing agent

SYNONYMS: vary depending on the compound; chromate commonly used

SAMPLING MEASUREMENT

SAMPLER: FILTER 
(5.0-µm PVC membrane [1,2];
0.8-µm MCE or 1.0-µm PTFE
acceptable for field analysis [3]).

FLOW RATE: 1 to 4 L/min

VOL-MIN: 10 L (2 L/min for 5 min)
     -MAX: 1200 L (2 L/min for 600 min)

SHIPMENT: refrigerant pack at 4 ± 2 oC (optional)

SAMPLE
STABILITY: analyze within 24 hours; if applicable,

keep samples at 4 ± 2 oC.

BLANKS: One per twenty field samples, minimum
of 2 per set.

TECHNIQUE: FIELD-PORTABLE VISIBLE
SPECTROPHOTOMETRY

ANALYTE: Cr[VI] - diphenylcarbazone complex

EXTRACTION: 10 mL 0.05 M (NH4)2SO4 / 0.05 M
NH4OH  (pH = 8 + 0.5), ultrasonic
extraction 30 min

 Cr[VI]
ISOLATION: Strong anion exchange solid phase

extraction 
ELUTION
SOLUTION: 0.5 M (NH4)2SO4 / 0.1 M NH4OH

WAVELENGTH: 540 nm, 1-cm path length

CALIBRATION: standard solutions of K2CrO4 in
0.5  M (NH4)2SO4 / 0.1 M NH4OH

RANGE: 1 to 400 µg per sample

ESTIMATED LOD: 0.08 µg Cr[VI] per sample [3]

PRECISION (ÿr): 0.035 @ 3 to 400 µg per sample [3]

ACCURACY

RANGE STUDIED: 0.045 to 1146 µg/m3

(~20 to ~200-L samples) [3, 4]

BIAS: -1.00% [3]

OVERALL 
PRECISION (ÖrT): 0.080

ACCURACY: + 15.7%

APPLICABILITY:  The working range is (at least) 0.05 to 1000 µg/m3 for a 200 to 500-L air sample. This method may be
used for the determination of soluble forms of Cr[VI]. Insoluble Cr[VI] requires modification of the method using ultrasonic
extraction with carbonate buffer.

INTERFERENCES:  Interferences from reducing agents such as Fe2+ are minimized to the extent possible by the alkaline
ultrasonic and solid phase extraction procedures.  Interferences from other metal cations are eliminated by solid phase
extraction [5].  Some reduction can occur on the filter during sampling, and is usually due to the presence of Fe2+, organic
material,  and/ or acidic conditions [6].  Reduction of Cr[VI] can occur over time on any filter type, and is especially
problematic on MCE filters [7].  However, the use of MCE and PTFE filters has been found to be acceptable for field use,
where performance has been found to be equivalent to that of PVC filters [3].  During ultrasonic extraction, oxidation of
Cr[III] in solution to Cr[VI] is prevented by the use of an ammonium buffer [8].

OTHER METHODS:  This method is designed to be used in the field, but can also be utilized in the fixed-site laboratory.  It
is an alternative to laboratory methods such as NIOSH method 7605 or OSHA method ID-215 (hot plate digestion and ion
chromatography).  NIOSH method 7600 is a similar procedure, but no separation step is used.  A field method not
involving a Cr[VI] isolation step, MDHS method 61, has been promulgated by the British Health and Safety Executive [9].
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REAGENTS:

  1. Am monium sul fate, reagent grade.

  2. Am monium hydroxide, reagent grade.

  3. W ater,  d isti lled or deionized.

  4. Hydrochlor ic acid (37% ), reagent grade.

  5. Ace ton itrile, reagen t grade .*

  6. 1,5-Diphenylcarbiz ide (DPC ), reagent

grade.

  7. Methanol,  reagent grade.

  8. Extrac tion solu tion (e xtrac tion b uffe r):

0 .05 M (NH 4)2SO 4 / 0 .05 M NH 4OH , 1 L,

aqueous in d istilled o r de ion ized  wate r.

NOTE: Modif ication of  method by using

carbonate buffer (e.g.,  sodium

carbonate) is required for

ex traction o f inso lub le C r[VI].

 9. Elution solut ion (elut ion buffer) :  0.5 M

(NH 4)2SO 4 / 0 .1  M  NH4O H, 25 0 m L, in

distilled  or deionize d w ate r.

10. Cr(VI) s tanda rd (as potassium  chrom ate ),*

1000 µg/mL.

11. Calibra tion s tock so lution , 100 µg/m L:  

Di lute 1000 µg/mL C r(VI) standard 1:10

w ith ex traction buffe r.

12. Diphenylcarbazide complexation solut ion

(20 mM ): Measure 0.48 g DPC  powder

and p lace  in a 1 00 -m L volum etric flask. 

Add ~ 80 m L of acetonitr ile and dissolve

the  DPC.  Bring up to  the  m ark  w ith

addit ional acetonitr ile and m ix thoroughly.

  

*  See  SPECIAL  PRECAUTIONS

EQUIPMENT:

  1. Sam plers:  5-µm  pore s ize polyvinylchlor ide

(PVC ), 0.8-µm pore size m ixed cellulose

ester (MC E), or 1.0-µm

po lytetra fluoro ethylen e (P TF E) filters, 37 -m m

diameter, wi th backup pads, in polystyrene

cassette fi lter holder, 2-  or  3-piece.

NOTE: M CE  fil ters, and som e PV C fi lters,

promote reduction of  Cr[VI] on a

timesca le of a  few  days. H ow ever,

eithe r filte r typ e is  acceptab le fo r fie ld

use if  the samples are to be analyzed

w ithin 24 h  of co llection .  

  2. Personal sa m pling  pum p, 1  to 4  L/m in,     w ith

f lexible connecting tubing.

  3. Ul trasonic bath (sonicator),  100 W  minimum

power.

  4. Sol id phase extract ion manifold,  12- or 24-

po rt.

  5. Portable  vacuum  pum p w ith pre ssu re

meter ing valve.

  6. Portable  vis ible  spec troph otom eter , sa m ple

pa th len gth  1 cm  w ith Q ua rtz cuve tte(s).

  7. Strong anion exchange solid phase extract ion

(SPE) cartridges, 10-mL, disposable;  loaded

with 500 or 1000 mg quaternary amine

bonded sil ica, capacity ~1 meq/g.

  8. Pipettors, mechanical,  assorted volumes

(e.g., 1 to 10 m L) with disposable t ips.

  9. Micropipettors,  mechanical,  assorted volumes

(e.g., 10 to 100 µL) with disposable t ips.

10. Centri fuge tubes, plastic,  15-mL, wi th screw

caps.

11. Sc in tilla tion via ls , 20-mL,  g lass, w i th  PTFE-

l ined screw ca ps.

12. Assorted beakers (and possibly Er lenmeyer

flasks), various volum es.

13. Volumetric f lasks, 25-,  100-, 250-,  and

1000-mL.

14. Forceps, PTFE-coated.

15. Glass or plastic rods.

16. Disposable gloves, plastic or latex.

17. Laboratory wipes.

18. Portable  power genera tor (if necessa ry).

NOTE: I f no power supply is available at  the

f ie ld s ite, e lectr ic power can be

provided by means of  a portable,

gaso line (o r other) genera tor.  

SPECIAL PRECAUTIONS:  Hexavalent ch rom ium  is a hum an  resp iratory  carcino gen [10].  E fforts

m us t be  m ad e to  pre vent  ae roso lizing chrom ate-contain ing  com po un ds  an d solu tions .  A ll

sam ple  prepa ration  shou ld be  carried o ut in a  well-ventilated a rea  (vac uum  hood  pre ferable);

force d ven tilat ion  shou ld b e u sed if n o h oo d is  availa ble .  Ace tonit rile solu tions  are  flam m ab le

must be handled carefully,  i.e.,  wearing of  impermeable gloves, and avoidance of vapors.  To the

extent possible,  solut ions should be prepared in the laboratory before taking them to the f ie ld.
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SAMPLING:

  1. Cal ibrate each personal sampl ing pump w ith a representative sampler in line.

  2. Sam ple  at an accu rate ly know n flow  rate  in the  range  of 1  to 4  L/m in for a  sam ple  size  of 100  to

1000 L.  Do not exceed 2 mg of  part iculate loading on the f il ter .  Label the f il ter  cassette.

  3. Don  a fres h pair of d ispo sable  plas tic or late x g love s (to p reven t sam ple  contam ination).

  4. W ith PTFE-coated  forceps, remove fi lters from cassettes af ter  of  complet ion of sampl ing,  and

place  in sepa rate  plas tic 15 -m L cen trifuge  tubes  for su bsequent sa m ple  prepa ration .  D isca rd

cellulose backup pads a nd gloves.

SAMPLE PREPARATION:

  5. Add 10 mL of  extract ion solut ion (weak buffer) to each 15-mL centri fuge tube containing the

f il ter  sample.   Ensure that the f il ter  is  covered by the extract ion solut ion.   I f necessary, push the

fil ter down w ith a clean glass or plastic rod to im m erse the entire fi lter.  Cap  and label the tubes.

  6. Place sample tubes in the ult rasonic bath (sonicator).   The water level in the bath should be

higher than the l iquid level in the centrifuge tube.  Sonicate for 30 m inutes.

NOTE: Num erous centr ifuge tubes containing sample fi lters can be subjected to sonication at

on e tim e,  de pe nd ing  up on  the  size o f the u ltrasonic  ba th.  Ensure th at  the  ba th is

warm  (bu t < 40oC).

  7. Set up the solid phase extract ion manifold.

a. Place disposable solid phase extract ion (SPE ) cartr idges in each port , and place scint il lat ion

vials beneath the cartridges.  Label the cartridges.

b. Attach the vacuum pump to the SPE m anifold.

c. To  cond ition S PE cartridge s, pipet 3  m L o f m ethanol into  each  cartridge , and evacuate . 

Th en  pipe t 3 m L o f extra ction  so lution  into e ach cartridg e, and  evacua te.  R epea t.

  8. Extract Cr[VI] f rom sam ple solut ion.

a. Pipet 3 to 5 mL of  each ult rasonicated sample solut ion f rom the centr ifuge tubes into the

disp osab le SPE cartridge .  D ispo se  of the p ipe t tip.  

b. Adju st th e vacuu m  to o btain  an  ex tractio n ra te of a bo ut  on e d rop p er second  (ap prox im ately

8" Hg; no more than 10" Hg).  Manual ly tighten cartridges by twisting,  if  necessary, to s low

down the rate of  liquid dripping.

NO TE 1: For samples in the which the expected Cr[VI] concentration is high, smal ler

aliquots (1 to 2 mL) should be dispensed into the SPE cartr idges to prevent

break through.  H igh  concen tration  of C r[VI] can  be  assesse d v isua lly by its

orange colo r. 

NO TE 2: For samples having low Cr[VI]  concentration,  addit ional 3 to 5 mL al iquots of

ultrason icate d sam ple  so lution  can be loa ded onto  SP E cartridge s (step 8 .a.). 

In th is m anne r, the cartridg e can  be  used  to p reconcentra te C r[VI]. 

c. W hen it ap pears  the  so lution  has passed th rough  all the  cartridge s, inc rease  the  vacuum  to

ensure that a ll solution passes thro ugh the cartridg es .  Th is step selective ly binds  Cr[VI] to

the stationary phase of each cartridge.

d. To remove residue of Cr[I II ] and other  potent ia l interferences, turn the vacuum down (by

turning counterclockwise) to 0" Hg.  Add 1 mL disti lled or deionized water to each cartridge,

ad just vacuum  to 1  drop per se cond  (~8 " Hg), the n reduce  to 0" when com ple ted .  

e. Rem ove the scint il lat ion v ia ls beneath the cartridges and discard.

NOTE:  Th is so lution  conta ins u nw an ted  fractions  tha t sho uld  conta in no  Cr[VI].

  9. Place clean, labeled scint il lat ion v ia ls beneath correct  cartr idges in the SPE m anifold.

a. Add 9 m L of  the elut ion solut ion (elut ion buffer)  to each cartridge to elute Cr[VI] , and repeat

steps 8.b.  through 8.d.

b. Rem ove the scinti llation vials, and cap them .  Dispose of the used S PE  cartr idges.

NOTE: The scint il lat ion v ia ls now contain extracted and isolated Cr[VI],  which is ready for

subseque nt analysis.

10. Uncap  ea ch  sc int illatio n v ial con ta inin g e xtrac ted a nd  iso lated  Cr[V I], and  add 1 00  µL  HC l.
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11. Add 2 m L DPC  complexation solut ion,  recap vials, and mix thoroughly.  Al low to stand for at

least 5 m in for com ple te co lor de ve lopm en t.

CALIBRATION AND QUALITY CONTROL:

12. Cal ibrate daily wi th at  least 6 working standards over the range of  0 to 2 µg/mL of  Cr[VI] per

standard.

a. To 10-mL volumetr ic flasks containing ~5 mL of  e lut ion solut ion (strong buffer),  p ipet  known

volume s (20 to 300 µL) of Cr[VI] calibration stock solution (100 µg/m L)  to produce

concentrations of  0.1,  0.2,  0.5,  1.0,  and 2.0 µg/mL. Add 100 µL of HC l and 2 mL of

diphenylcarbazide (DPC ) complexation solut ion to each.  Di lute to the mark wi th elut ion

solution and m ix thoroughly.

NOTE: A m inimum of two of the concentration levels (e.g.,  0.1 and 1.0 µg/mL) should be

run at  least in t ripl icate.

b. Prepare a blank by pipetting 100 µL of HC l and 2 mL of  DPC  complexation solut ion into 10-

mL volumetric f lask containing ~5 mL of  the elut ion solut ion (elut ion buffer) ; d ilute to the

m ark with elution solution and m ix thoroughly.

c. Ana lyze  the  ca libration  so lutions and  the  blan k (steps  15  to 20).

13. Ana lyze  at lea st tw o field  blan ks, o ne  field b lank per tw en ty sa m ples (steps  10 , 11  and 15 to

20).  Also analyze at least three of the calibration solut ions in t ripl icate.

14. Prepare a calibration graph of absorbance vs, Cr[VI] concentration.

NO TE : As  an  altern ative  to ste ps  12  to 14, the s tanda rd add ition app roach  can be used [11].

MEASUREMENT:

15. Turn on the spectrophotometer,  and allow for an appropr iate warm-up per iod.

16. Set the spectrophotometer to 540 nm.  Set portable spectrophotometer parameters according

to the manufacturers instruct ions and the condit ions on page 7703-1.

17. Rinse the quartz cuvette three t imes w ith disti lled or deionized water,  then rinse with blank

solut ion.

18. Measure the blank.  Adjust  the spectrometer to zero absorbance.

19. Uncap the scint il lat ion v ia l containing the sample solut ion to be analyzed.

a. Condition the cuvette by f il ling wi th the solut ion to be analyzed, and discard the solut ion.

b. Ref il l the cuvette with the sample solut ion to be analyzed.

c. P lace  the  cuve tte in the spectrop ho tom ete r.

NOTE: W ipe any extra m oistu re o r liquid o ff the  side s o f the  cuve tte w ith a d ry labora tory

wipe, and take care to handle the cuvette only by the frosted sides.

20. Analyze samples, standards, and blanks.  Record the absorbance.

NOTE: I f the absorbance value is greater than 2 absorbance units,  d ilute the solut ion to be

 analyzed with elut ion solut ion (strong buffer) and reanalyze.

CALCULATIONS:

21. From the calibration graph, determine the mass of  Cr[VI]  in each sample,  W (µg),  and in the

average  field b lank, B  (µg ).

NO TE : I f standard addit ion method was used, make appropriate adjustments from the

ca libration  graph  ob taine d [11].

22. Calcu late th e concentra tion, C  (m g/m 3), of C r[VI] in  the  air vo lum e sam pled, V  (L):
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EVALUATION OF METHOD:

This  m ethod  was  evaluated in th e lab ora tory w ith sp iked  filters [3-5]  and a cert if ied reference mater ia l

containing a known loading of Cr(VI) [4].   This cert if ied reference m aterial  (CRM ) is European

Com mission, Insti tute for  Reference Mater ia ls and M easurem en ts (EC/IRM M ) CRM  545, Cr(VI) and

Cr(to ta l) in w eld ing  dust loaded on a  glas s fibe r filter [12].   The method has also been evaluated in the

f ie ld, whe re sam ple s colle cte d d ur ing  airc raft m ain tena nce o pe rations were analyzed on-site [3,  4].   The

accuracy w as  es timated using  the  pro tocol su m m arize d in a  N IOSH tech nica l repo rt [13]. 

Alternative f il ter types can also be used , e.g., PTF E, binder-free glass f iber f il ters, or quartz f iber f il ters.

Fi lter m ate rials sh ou ld be  teste d befo re use to ensure  Cr[VI] s tab ility.  Filters ca n be p retreated w ith

base  to m inim ize C r[VI] reduction  du ring sam pling  in high-iron  or acidic  environ m en ts [6].
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